Purpose: Knowledge of the benefits and risks of new drugs is incomplete at the time of marketing approval. Registries offer the possibility for additional, post-approval, data collection.
use during pregnancy, and effects of long-term treatment. A registry can be used as a data source for other studies, such as studies to measure the effectiveness of risk minimization measures and drug utilization studies. 3 In Europe, the Committee for Medicinal Products for Human Use (CHMP) is responsible for the scientific evaluation and approval of drugs for use within the European Union. Increasingly more drugs have been approved based on limited data sets during the last decade; eg, 30 drugs were conditionally approved between 2006 and June 2016. 4 Earlier, we have shown that this trend has not necessarily lead to more safety issues. 5 For many of these drugs, registries have been proposed to fill the knowledge gap.
Although registries are suggested and approved as a tool for post-approval collection of additional data for new drugs, it is currently unknown how often this tool is being used, for how many and what type of drugs, and what the rationale is to for requesting a registry.
Therefore, the goal of this study was to assess the frequency and the reasons for requesting post-approval registries in Europe and to examine the type of registries (drug or disease). Further, we investigated whether registries had been imposed by the regulatory authority as a specific obligation or had been "spontaneously" promised by a company in order to address remaining uncertainties on drug benefits and risks. We examined the rationale (eg, safety concerns or long-term efficacy) underlying the decision to set up a registry. Additionally, we explored what drug characteristics (eg, ATC-code, level of innovation and size of pre-approval safety population) and procedure-related determinants (eg, type of procedure or the existence of an orphan status) predicted a post-marketing registry to be included in a drug dossier.
| METHODS
We performed a retrospective review of drugs approved by the CHMP in the European Union.
| Data source
We identified drugs that were approved by the CHMP between 
| Primary outcome
The aim of the study was to investigate the frequency and reason for a requirement for a post-approval registry study to complement the marketing authorization dossier of new drugs. Scientific and regulatory information was collected from the European Public Assessment Reports (EPARs), which are accessible through the EMA website (www.ema.europe.eu). The requirement to set up a registry was identified from the Risk Management Plan (RMP) summary of the EPAR.
In this summary safety specifications, proposed pharmacovigilance and risk minimization activities are recorded. We included all registries that were mentioned in the EPAR. A registry is defined as an organized system that uses observational methods to collect uniform data on specified outcomes in a population defined by a particular disease, condition, or exposure. 3 We excluded studies with a single research question collecting data from 1 or more electronic health records database. In line with Bouvy et al., we also excluded non-interventional, openlabel, prospective short-term observational studies (2 years or less). 6 These studies were considered to be designed for a specific research question rather than a long-term study in a registry where routine clinical data are collected systematically. Both registries recorded as a specific or imposed obligation conform to annex II of the Marketing Authorization, and those required to investigate a safety concern are included. If more details were needed or if the information in the EPAR was not conclusive, data were obtained from the RMPs and study reports, which were retrieved from the database available at the Medicine Evaluation Board.
Data were extracted by CJ; all data were systematically checked by PM or MK to ensure accuracy of extracted information. Any discrepancies were resolved in discussion with CJ, MK, and PM.
| Characteristics of registries, drugs, and procedures
We retrieved a number of relevant characteristics of the identified registries. First, we identified in the dossier the primary goal for requiring the registry, eg, to address safety, effectiveness, or pregnancy outcomes.
Second, we ascertained whether the specified outcome was defined by the disease (disease registry) or exposure to a single product or drug (drug registry). Drug registries could also include a class of drugs, but in our data set, only single-drug registries were identified.
To identify determinants for requiring a post-approval registry, we identified characteristics related to the nature of drug and the nature of the procedure that we hypothesized could influence the decision to require a registry. First, the therapeutic area was classified using the anatomical main group of the Anatomical Therapeutic and
Chemical code (ATC-1 level, http://www.whocc.no/atc_ddd_index).
Second, the type of molecule was categorized as either a small molecule, a vaccine, or a biosimilar, in accordance with the European legal definitions. 7 Third, we classified the level of innovation of a new drug using an algorithm developed by Motola et al. 8 Drugs were
classified based on a sequential assessment of the availability of alternative treatment options for a particular disease and the therapeutic
KEY POINTS
• One-third of all drugs approved in Europe, between 2007 and 2010, were coupled with a requirement for a registry, mainly with the purpose of providing additional data because of safety concerns.
• The majority of these registries are existing disease registries.
• For orphan and innovative drugs, registries are an important tool for post-approval data collection.
effect they had demonstrated in clinical studies, both as assessed at the time of approval. The algorithm graded drugs based on these con- 
| Statistical analyses
Univariate and multivariate logistic regressions were applied to identify, which key drug and procedural characteristics were independent determinants of the requirement for a post-approval registry.
Characteristics that were potentially associated with inclusion of a registry in the dossier (p < 0.1) were included in the multivariate model.
In the final model, only characteristics reaching a significant level of p < 0.05 were considered as statistically significantly associated with the primary outcome. there was a post-approval requirement for a single registry, and for 14 drugs, there was a requirement for between 2 and 6 registries ( Table 1 ), implying that for 73 new drugs, there was no need for a registry. For only 9 drugs, registries were imposed by the CHMP. For drugs subjected to a registry, the size of safety population ranged between 94 and 13 000 patients; 15 drugs had an orphan status, and 13 drugs were approved under exceptional circumstances or were conditionally approved (Table 2 and Supporting Information Appendix S1 for individual drugs).
The primary goal of 39 of the 73 registries was to collect safety outcomes; in 7 cases, it was to collect safety outcome and real-world effectiveness data; and in 27 cases, it was to collect data on potential birth defects when the drug was taken during pregnancy. The most common aims of these registries were to increase knowledge on identified and potential risks or information that was missing-especially pregnancy outcome-at the time of approval.
We identified 27 (37%) drug registries that were set up by companies to monitor use and outcomes of their drug specifically. Only patients using these specific drugs are enrolled into these registries.
The use and outcomes of treatment with a drug is monitored in 46 (63%) disease registries, in which patients will be enrolled with a specific diagnosis or disease, irrespective of the drug(s) they are using. 
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A specific kind of registry is the pregnancy registry. Of the 27 identified pregnancy registries, 11 were set up specifically to monitor the impact on offspring of a specific drug taken during pregnancy. In the remaining 16 cases, data were collected from existing pregnancy registries; eg, for darunavir, etravirine, maraviroc, raltegravir, and telbivudine, pregnancy outcome data are collected from the Antiretroviral Pregnancy Registry. This is an existing pregnancy registry, set up in 1989 for pregnant women who are exposed to antiretroviral drugs, intending to generate early signals of teratogenic effects associated with prenatal exposure to antiretroviral products. 13 The registry enrolls human immunodeficiency virus infected patients through their healthcare providers (http://www.apregistry.com/).
We identified registries that were imposed by the CHMP for only 9 drugs, suggesting that registries are specific measures taken in the framework of the marketing authorization. Six of these drugs (amifampridine, canakinumab, idursulfase, mecasermin, rilonacept, and tocofersolan) were approved under exceptional circumstances, because at the time of approval no comprehensive data on the safety and efficacy under normal conditions of use could be provided. Two drugs (both pandemic influenza vaccines) had received a conditional approval, which means that the company will be required to provide confirmative data in a short timeframe, and 1 drug (lenalidomide) had a regular approval.
Four of the imposed registries were set up with the aim to collect safety and real-world effectiveness data: amifampridine (symptomatic treatment of adults with Lambert-Eaton myasthenic syndrome);
canakinumab, rilonacept (both for the treatment of patients with 
| Determinants for registries
We explored if specific drug or procedural characteristics were associated with whether a registry was imposed by the regulatory authority or the initiative of the applicant. We used logistic regression to examine this issue. area, type of molecule, and size of safety population were not associated with a registry included in the marketing dossier. Registries. This is an initiative of the European regulators to facilitate better use of existing registries for the assessment of product safety and efficacy in daily clinical practice. 21 An example of a disease registry set up and exclusively sponsored by one company are the following 2 orphan drugs. The first registry is for amifampridine which also includes patients who do not use amifampridine. 22 The second registry is the Hunter Outcome Survey, in which patients with Hunter syndrome who are treated with enzyme replacement therapy are included. 23 The majority of patients, however, received the drug marketed by the company. Recently, this approach was criticized by
Hollak et al, who expressed a strong preference for disease registries to collect data, analyzed by independent statisticians, supervised by patients, healthcare professionals, and other relevant stakeholders, and to be launched early in the development of orphan drugs to obtain natural history data. 24 We support this recommendation for a disease registry that is owned by an independent party. This guarantees that data of all drugs used can be included, thereby enabling future comparative analyses, which is in the interest of the patients and may be an instrument to control the price of drugs. Still, a third of all registries collect data on a single product; this limits their usability for continued learning.
Innovative drugs require more often a registry. These drugs fulfill unmet medical needs of patients eagerly awaiting these drugs.
Innovative drugs are often "first-in-class" drugs with a new mechanism of action, where the full benefit-risk profile-and in particular evidence about safety-may not be complete at the time of approval. Four out of 7 (57%) of the innovative drugs in this study were authorized through a conditional approval or an approval under exceptional circumstances, emphasizing that the data were limited at the time of marketing authorization. In addition, orphan drugs status by itself was an independent determinant for an approval with a registry in this study.
This may be partly due to the large number of existing disease registries available in orphan diseases 25 and is in line with our finding that in most cases data will be collected from existing disease registries. Earlier we have shown that higher levels of innovation or approval under exceptional circumstances/conditional approval are not related to more safety issues post approval. 5, 10 Registry studies are considered valuable to increase our understanding of drug effects, especially for these drugs where the knowledge is incomplete at time of approval.
Our study has some limitations. The information about registries is retrieved from EPARs, published on the website of the EMA at the time of authorization. We used a more narrow definition of registries than described in the Good Vigilance Practices 3 ; ie, "Any organised collection of data on patients all or not exposed to a specific drug may be considered a registry according to the Good Vigilance Practice (GVP) definitions." We excluded 5 studies in electronic health records (secondary data analyses) and 7 open-label short-term (2 years or less) observational studies that could be considered to have met this wider definition. These studies were designed, however, for a specific research question rather than being intended for long-term monitoring of patients in a registry with routine systematic collection of clinical data. These studies had not been acknowledged in the regulatory review as a registry study. One observational study proposed for roflumilast, which was not acknowledged as a registry in the regulatory review, could be considered as a registry according to our more narrow definition. In sensitivity analyses, the addition of this "registry" did not materially change our findings. Important innovations remained associated with a registry required at time of approval, although orphan drug status lost significance in the multivariate model (data not shown).
Registries promised at a later stage in the drug life cycle might have been missed, and observational or effectiveness studies not designated as registries were not taken into account. These last sources may be less suitable for, eg, orphan drugs or for drugs exclusively used in a hospital setting. We observed that the rationale for the choice between the collection of data via a registry versus any other type of pharmacovigilance activity, such as post-authorization safety studies or a retrospective cohort study in a database, is not clearly described in the EPAR. The rationale for a registry should follow from the benefit-risk discussion of the drug, meaning that (1) it is indisputable which data are still needed to complete the understanding of the benefit-risk profile of a drug and (2) these data can be retrieved from a registry during the post-marketing phase.
Future studies should focus on the outcome of these planned registries in terms of studies actually undertaken post-launch and the impact they may have had on the knowledge of the benefit-risk ratio of a drug, eg, through changes in the drug labeling or through published findings in the literature. Challenges such as standardized protocols with clear objectives and endpoints, standards for data completeness, coding of data, the possibility to link register data to external data, and timelines for providing data are needed to share information between registry owners, companies, and regulators. 26 Post-approval studies in Europe and the USA to address safety and efficacy uncertainties at time of approval are, however, disappointing because recent reviews of such studies indicated that not many issues were resolved. 27, 28 Reported delays in setting up imposed registries do not provide reassurance that these may provide timely information. 6 Finally, we graded the innovation of a drug at time of approval.
Clearly, the level of innovation may be subjective and time-dependent.
In a previous study, we have compared drugs classified using the
Motola algorithm with some other classifications (Canadian Human
Drug AdvisoryPanel and Prescrire International) and found a poor correlation. 10 No system, however, can be considered as a "gold standard," 10 and we thus used 2 reviewers to grade drugs according to the transparently predefined criteria in the algorithm. Indeed, over time, with the registration of new drugs or alternative treatments becoming available, the value of drugs considered innovative at the time they were initially approved may diminish. Because in our study we looked for determinants of registries proposed at time of approval, such diminishing valuation of a drug after approval does not impact our study results.
We conclude that in one-third of the newly approved drugs, a registry is required to provide additional data because of safety concerns. Most of these drugs were drugs with an important level of innovation and orphan drugs, for which there is high medical need.
The majority of the registries involved are existing disease registries, implying that data collection is already ongoing and that a control group for comparison may be available.
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